a. Line length ratio
The ratio of the number of short lines to that of all lines is calculated, expecting that artifact images have more long lines. The feature X is computed as Eq. (2).
(2) where l is the line length, and Nl is the number of lines whose length is l. Figure 3 shows the histogram of the line length distribution for the typical images above. In this figure we can see the significant difference between the two distributions.
b. Line direction distribution
Line directions are obtained from the extracted lines. Line directions are distributed from 0 to 180 degrees. A histogram on line directions is computed, dividing the directions into 36 bins. The feature Y is computed as Eq. (3). 
Y=H/Hmax
( 3) where H is the entropy of the direction distribution, and defined as Eq. (4).
(4) Table 1 Classification accuracy (%) of the seven features on the three learning sets. Table 2 Classification accuracy (%) of the seven features on the three test sets.
Learning Process
For single features (X, Y and Z), thresholds were obtained for classification using the learning set. Each threshold is the value by which the best classification ratio is obtained. For each feature combination (fXY, fXZ, fYZ and fXYZ), a dominant axis was determined using the discriminant analysis. The threshold for the axis was obtained in the same manner as that for the above-described single features. Table 1 shows the experimental result for the learning sets.
In this experiment, X and the features derived from X showed good results (above 90%). However, no improvement was obtained even if other features were combined to X. It means that the best feature for this natural objects/ artifact classification was the ratio of the number of short lines to that of all lines. Other line-based features do not have additional information.
Experiments for the Test Sets
The threshold values determined by the above learning process were applied to the test sets. The classification results are shown in Table 2 .
There were not large differences from the learning experiments. X and the features derived from X showed good results (about 90%). This result shows that the feature X is very useful for this classification.
Comparison with a Conventional Feature
We compared our line-based method with the method based on the Gabor filtering in the literature [4], using the above 200 samples. Gabor filters were designed in the Fourier domain as Eq. (7). Rotating G (u, v) , angular filter variations were created. 6 (b) ). by subtracting the pixel values of image-2 from those of image-1. Sobel filtering is applied to the image in parallel. The edge pixels where the Sobel filtering output has small absolute values are removed. Thus, an edge image, in which edge segment width is about one pixel, is obtained. As a post-process, isolated pixels and very short edge fragments are removed. This cleaned edge image is used for the calculation of the feature Z.
(3)
Line extraction: Edge segment pixels are tracked, and line equations are fitted to the edge segments. If multiple segments are regarded to belong to the same line, they are unified. Straight lines are constructed from these edge segments. Curved edge segments are broken into multiple shorter straight lines. Coefficients of the fitted line equation and the length of the lines are described in a line description. This information is used for the calculation of the features X and Y.
